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Session 1 “Global extent of tropical sandy soils and their pedogenesis”
Introduction
Sandy materials cover a large proportion of the
landscape of Cambodia, on account of the siliceous
sedimentary formations that underlie much of the
Kingdom (Workman 1972). Due to their prevalence in
the lowlands of Cambodia, sandy, high permeability
soils are commonly used for rainfed rice production
(White et al. 1997). Increasingly in Cambodia,
attention is being turned to the potential for crop
diversification and the prospects for other land uses in
sandy lowland soils (Bell et al. 2005). A key constraint
for the use of sandy soils in Cambodia is the amount
and reliability of rainfall during the early wet season
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Abstract
Siliceous sedimentary formations underlie much of Cambodia, consequently there is a propensity for sandy
surface soils. Only the soils fringing the Tonle Sap lake, those of the alluvial plains along the major rivers
(especially the Mekong), and soils developed on basalt deviate from the characteristic of sandy soils.
Substantial areas of sandy, high permeability soils are used for lowland rainfed rice production. Due to their
inherent high hydraulic conductivities, standing water in rice fields of the deep sandy soils drains rapidly
after rainfall predisposing rice crops to drought and high rates of nutrient leaching. However, loss of soil
water saturation may limit rice yield by inhibiting nutrient uptake more often than drought, per se. Prospects
for growing field crops in sandy lowland soils are contingent on the amounts and reliability of early wet
season rainfall or on amounts of stored water after harvesting rice. Apart from drought, waterlogging and
inundation are significant water-related hazards that influence the growing of field crops in lowland soils. In
addition, soil fertility constraints in the early wet season and dry season will likely differ from those
encountered by rice due in part to the different soil water regime they encounter. In particular soil acidity,
low nutrient status, hardsetting and shallow rooting depth have been identified as significant constraints for
field crops. Vast areas of sandy upland soils occur in Cambodia but are only poorly described. Low soil
fertility is likely to limit upland farming systems on the sandy uplands and erosion is a concern for their
sustainable use. There is a need to hasten the pace of research and resource assessment of these uplands so
that land suitability assessment and sustainable farming systems are available to guide the expansion of
agriculture in these areas.
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(April to July) and main wet season (July to October)
or the amounts of stored water after harvesting rice.
Apart from drought, waterlogging and inundation are
significant water-related hazards that influence the
growing of field crops in lowland sandy soils (White
et al. 1997; Bell and Seng 2004; Bell et al. 2005). In
addition, soil acidity and low nutrient status have been
identified as significant constraints for crops on sandy
soils in Cambodia.
Vast areas of sandy upland soils occur in
Cambodia but are only poorly described, and at present
not extensively used for agriculture. Low soil water
storage, and low soil fertility, including soil acidity, are
likely to limit upland farming systems on the sandy
uplands and erosion is a concern for their sustainable
use. There is likely to be pressure to develop
agriculture on these sandy uplands over the next
20 years. There is a need to hasten the pace of research
and resource assessment of these sandy uplands so that
land suitability assessment and sustainable farming
systems are available to guide the expansion of
agriculture in these areas.43
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In this paper, we review the geological setting of
Cambodia which helps to explain the prevalence and
distribution of sandy soils. Since Cambodian
agriculture is heavily dependent on lowland rainfed
rice, we review the nature and properties of the sandy
soils in the lowlands. Finally we review the limited
knowledge-base of sandy soils in the upland areas that
are likely to experience development pressure over the
next two decades.
Surface geology and distribution of sandy soils
Mesozoic sandstone dominates most of the
basement geology in Cambodia (Workman 1972:
Figure 1) and hence will have a dominating influence
on the properties of upland soils. Recent and
Pleistocene alluvial/colluvial and lacustrine sediments
that now form the parent material for most of the lowland
agricultural soils of Cambodia are substantially derived
from the weathering and erosional products of the
Mesozoic sandstone (White et al. 1997). However, low
hills from felsic igneous intrusions particularly in South
and Southeast Cambodia have also supplied siliceous
sediments for the recent and older alluvial/colluvial
terraces. In the Northeast of Cambodia, basaltic lava
flows from the Pleistocene covered significant areas of
older alluvial terraces. The soils formed on weathered
basalt and on the alluvial/colluvial sediments derived
from basalt have very different properties to those of
the siliceous parent materials that dominate most other
soils (White et al. 1997). In the West of Cambodia,
bordering Thailand substantial areas of siltstone
limestone and marl occur (Figure 1), and this area is
emerging as significant for upland crop production.
Finally the sediments deposited by the Mekong River
along its flood plain and in the basin of the Tonle Sap
have resulted in a large part of Central Cambodia being
dominated by recent alluvial/lacustrine sediments
derived in part from the Mekong River basin and in
part from the immediate basin of the Tonle Sap
(Oberthur et al. 2000b).
No specific mapping of sandy soils has been
undertaken in Cambodia. A soil map (1:250,000) of
most of Cambodia was recently completed based on
the FAO World Soils Map (1988) as part of a soil
resources map for the lower Mekong Basin (MRC,
2002). Parts of Cambodia fall outside the lower
Mekong Basin and hence were excluded from
mapping, including the eastern provinces of Prey Veng
and Svay Rieng, and parts of the southern provinces of
Kampot, Kampong Som, Koh Kong, and Pursat. The
rice growing soils have been mapped (Oberthur et al.
2000b) based in part on an old small scale map
(1:900,000) of soils of the whole country. However,
soil mapping coverage of the upland regions where
soils are predominantly developed on sandstones and
related siliceous formations are poorly described (Seng
and White 2005).
In Cambodia, the Arenosols (sandy soils
featuring very weak or no soil development) are
mapped on only 1.6% of the land area (Table 1). Sandy
surface textures are more prevalent than the deep sandy
Figure 1. Generalised geology map of Cambodia. Source: Mekong River Commission44
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soils that fit the definition for Arenosols. Sandy
textured profiles are common amongst the most
prevalent Soil Groups including Acrisols and Leptosols
(MRC, 2002). The Acrisols are the most prevalent Soil
Group occupying nearly half of the land area of
Cambodia. The main subgroups are: Gleyic Acrisols
(20.5%, Haplic Acrisols (13.3%), Plinthic Acrisol
(8.7%) and Ferric Acrisol (6.3%).
Of the mapped rice soils (Oberthur et al. 2000b),
Prey Khmer and Prateah Lang Soil Groups which
comprise 39% of the rice-growing soils have very
sandy surface horizons. Prey Khmer is sandy in both
the surface and subsoil and will be the focus of the
present paper (Table 2). However, the Prey Khmer soils
even though having <18% clay and >65% sand in
surface layers (Table 2) would not necessarily classify
as Arenosols because the rice soil classification
in Cambodia only considers properties to 50 cm,
whereas Arenosols need to be sandy to 100 cm or more
(Table 2).
Rainfall and cropping systems
In Cambodia, mean annual rainfall mostly falls
in the range from 1,250-1,750 mm (e.g. see Figure 2)
with increases up to 2,500 mm in the south, and east
of the country (Nesbitt, 1997). The variations in
average annual rainfall produce changes in cropping
patterns, and options for pre-rice and post-rice
cropping with field crops. The East and South of
Cambodia has higher early wet season rainfall and may
therefore be a more prospective area for expanding
field crops on sandy soils (Figure 2).
Cropping in Cambodia revolves around three
season: the early wet season (EWS) from April to July;
main wet season from July to October; and dry season
from November to March (Nesbitt, 1997). Rice is the
dominant crop on lowlands in the main wet season
with transplanting occurring as soon as sufficient
rainfalls to allow cultivation of soils and the
Table 1. Chemical properties of surface layers of Prey
Khmer (White et al. (1997) sandy rice soils in Cambodia
and the percentage of the rice area they occupy (Data
source: Oberthur et al. 2000a; White et al. 2000 and Seng
et al. 2001b)
Property Typical surface soil values
Sand 730 g kg-1
Silt 220 g kg-1
Clay 50 g kg-1
pH (1:1 H2O) 5.6
Organic C 4.7 g kg-1
Total N 0.5 g kg-1
Exch K 0.04 cmol kg-1
Exch Na 0.05 cmol kg-1
Exch Ca 0.61 cmol kg-1
CEC 1.45 cmol kg-1
Olsen P 1.3 mg kg-1
Percentage of rice area 10-12%
Figure 2. Average monthly rainfall for Takeo (40 years)
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Table 2. Soil profile description for a deep sandy soil from Tramkak District, Takeo Province, Cambodia. Classified as
similar to Prey Khmer according to White et al. (1997) and Plinthic Alisol (World Reference Base 1998). Described by:
N. Schoknecht, 6/6/03 Location: Datum: IND60 Zone: 48 448326 mE 1220774 mN
Horizon Depth (cm) Description
A 0-6 strong brown (7.5YR 5/6 moist), medium sand; very friable moist consistence; single grain
structure; very fine, medium porosity, clear, smooth boundary.
A 6-20 brown (7.5YR 5/4 moist) medium sand; very friable moist consistence; single grain structure;
very fine, medium porosity, gradual, wavy boundary.
A 20-60 light brown (7.5YR 6/4 moist) medium sand; medium faint reddish yellow (7.5YR 6/8 moist)
mottles; very friable moist consistence; single grain structure; very fine, medium porosity,
sharp, tongued boundary.
Ctv 60-85 grey (10YR 6/1 moist) sandy clay; medium prominent reddish yellow (5YR 6/6 moist) mottles;
hard dry consistence; weak, medium, angular blocky structure; fine, low porosity, gradual,
wavy boundary.
Ct 85-100+ yellowish brown (10YR 5/4 moist) clay; fine prominent reddish brown (2.5YR 4/4 moist)
mottles and fine distinct grey (10YR 6/1 moist) mottles; firm moist consistence; few
segregations, fine elongated black soft; fine, channels void.45
Session 1 “Global extent of tropical sandy soils and their pedogenesis”
accumulation of standing water in the fields. This may
vary from June to later August depending on the season
and landscape position of the field. Harvesting coincide
with the early part of the dry season. Dry season crops
can only be planted where there is sufficient stored soil
water, as in some lowland rice fields, or where
irrigation water is available. Throughout Cambodia
substantial year-to-year variation in total rainfall is
experienced as well as rainfall distribution pattern
(Figure 3).
Seng et al. 2001b). On sandy soils, responses to P alone
may be obtained although strongest responses
generally require N and P, and on the lower fertility
soils K and S fertilizers are also required for rice. Low
levels of Mg and B have also been identified as
potential production constraints for crops on the Prey
Khmer soils, but have not been verified in rice in the
field (Lor et al. 1996). Leaching of N and other
nutrients may also limit productivity of these soils even
when water is not limiting. The Prey Khmer soil in
Cambodia has low potential productivity even with
fertilizer application (White et al. 1997).
The dominant rice ecosystem in Cambodia is
rainfed lowlands (Wade et al. 1999). The shallow,
drought- and submergence-prone sub-ecosystem, is
most widespread of the rice sub-ecosystems in
Cambodia, in part due to the erratic rainfall,
topography and the prevalence of sandy textures in the
root zone of the rice crop. While the sub-ecosystem
concept is useful in regional classifications of rice
growing areas, in practice local surface hydrology can
vary to such an extent as to overrides the influence of
rainfall. Within a single farm or among adjacent fields,
the upper terraces which are commonly sandy may be
classified into the drought-prone sub-ecosystem and
the lower terraces may belong to the submergence-
prone or drought- and submergence-prone sub-
ecosystem. Fields in the high or upper terraces of the
lowlands lose large amounts of water, particularly after
heavy rainfall, through surface runoff and subsurface
lateral water movement, while those in the lower
terraces may intercept the flows from the upper paddies
(Fukai et al. 2000). Location of on-farm drains, road
embankments and drains under roads can markedly
affect where the runoff is directed. Water balance
models are particularly useful for identifying key
aspects of the surface hydrology experienced by
rainfed rice. Fukai et al. (1995) have developed a water
balance model for sandy soils in N.E. Thailand and this
model may be useful for the sandy soils of Cambodia.
Maintaining water in the root zone for rice is hindered
on sandy soils by high percolation rates that are
a common problem in the sandy lowland rice soils of
Cambodia (White et al. 1997).
In the rainfed lowlands, significant periods of
loss of soil-water saturation occur intermittently
throughout the growing season (e.g. Seng et al. 1996;
Fukai et al. 2000). Based on rainfall, its distribution
and variability, it could be assumed that drought was
the main soil water-related constraint for rice in the
region. However, the more common effect of low soil
water may be to limit nutrient availability and uptake
rather than to cause drought per se. The implications
Figure 3. Rainfall (mm) in April at Battambang,
Kampong Cham, and Takeo over the period 1980-2002.
Source: Department of Meteorology, Cambodia. Note:
rainfall records are incomplete for many stations in
Cambodia over the last 35 years and this accounts for
missing entries
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Rice Soils
Rice is the dominant crop in Cambodia, with
a production area equivalent to 90% of the agricultural
land in Cambodia (Nesbitt 1997). The sandy Prey
Khmer Soil Group comprises 11% of the rice-growing
soils (White et al., 1997). The soil groups have been
defined using the Cambodian Agronomic Soil
Classification (CASC) which groups soils according to
their effects on lowland rice production (White et al.
1997). It is adapted from the Fertility Capability
Classification (Buol et al. 1973) rather than a soil
classification based on concepts of soil genesis that
emphasizes subsoil properties. The Cambodian
Agronomic Soil Classification emphasizes surface soil
properties since rice roots are relatively shallow. Even
Prey Khmer Soil Group when used for lowland rice
would generally not fall into Arenosols since only the
0-50 cm layers are considered in CASC (White et al.
1997).
The Prey Khmer soil has very low CEC, organic
C, total N, exchangeable K and Olsen P (Table 1). In
field trials in Cambodia, strong responses to N are
generally reported in sandy rice soils (Seng et al.
2001b). However none of these soils respond to N
alone. On the sandy Prey Khmer soils, N alone either
has no effect on yield or decreases it (White et al. 1997,46
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of the temporary periods of loss of soil-water saturation
for nutrient availability are not fully understood (Fukai
et al. 1999), although variations in soil water saturation
interact with nutrient availability (Bell et al. 2001).
Fluctuating soil water regimes will have major effects
on the forms and availability of N (Seng 2000),
P (Seng et al. 1999) and on Fe and Al toxicities (Seng
et al. 2004b).
Options for minimizing the impact of periods of
loss of soil-water saturation are either to use cultivars
that are efficient in P uptake and use, and presumably
would be best able to cope with a temporary decline in
P availability (Fukai et al. 1999); or to treat soil with
straw (Seng et al. 1999). Straw keeps the redox
potential lower during the period of soil-water
saturation loss, thus decreasing the extent of Fe2+
oxidation and minimizing losses in P availability due
to reaction with Fe oxides. Other forms of organic
matter added to the soil at planting, including cow
manure, or residues from pre-rice pulse crops or green
manures like sesbania, can all help minimize losses of
P during periods of soil-water saturation loss.
Iron toxicity has been reported for Prey Khmer
soils in Cambodia. However, the impact on yield has
not been quantified. Neither is there direct evidence of
the consequences of intermittent loss of soil water
saturation on the incidence and severity of Fe toxicity.
Application of clay to sandy soils has been
suggested as a semi-permanent treatment to enhance
water and nutrient retention (Noble et al. 2004). Initial
research on the sandy soils of N.E. Thailand suggests
very strong responses in growth can be achieved by
clay amelioration. The use of claying presumes a ready
local supply of clay. N.E. Thailand has numerous
deposits of high activity clay in lacustrine sediments
(S. Ruaysoongnern, personal communication). The
relevance of this technology for the Prey Khmer
(Arenosols) of Cambodia, warrants further research.
Upland sandy soils
Important upland crops in Cambodia are maize,
rubber, soybean, mung bean, cassava, sesame, peanut
and sugarcane (Bell et al. 2005). There is very limited
information on the sandy upland soils of Cambodia.
Only generalized comments can be made at this stage,
based largely on understandings developed for rice
soils with similar properties and on recent studies
carried out in the west of Takeo Province (Bell et al.
2005) where sandy soils are prevalent.
The Prey Khmer soil is defined for rice
production as having a sandy layer <50 cm deep,
because deeper sand is unsuitable for rice. However,
similar soils to the Prey Khmer are encountered in
Tramkak with deeper sandy layers up to 80 cm. These
soils are suitable for non-rice field crops and so the
deep phases have been distinguished from the Prey
Khmer as defined by White et al. (1997). A typical soil
profile is shown in Table 3. The surface soil properties
are similar to those reported above (Table 1). That is,
low levels of organic C, N, Olsen P, exchangeable K
are commonly found in surface layers. In addition,
KCl   extractable S levels, DTPA Cu, and Zn, and hot
CaCl2 extractable B levels were low.
From preliminary analysis of a range of upland
soils from Takeo, soil acidity appears to be
a significant limiting factor for a range of field crops
(Table 4). In Prey Khmer soils in uplands of western
Takeo Province, Al saturation values of 50-80% were
found in the subsoil (Table 4). Aluminum saturation
>20% is commonly regarded as a potential Al toxicity
in sensitive crops, whereas in very tolerant crops >80%
Al saturation is required to impair crop growth (Dierolf
et al. 2001). Seng et al. (2004a) showed strong
responses by upland rice to lime application on the acid
Prateah Lang soils (pH CaCl2 4; Al saturation 80%)
when maintained in an aerated state whereas no
response was found when these soils were flooded.
Table 3. Soil chemical properties of two profiles from the District of Tramkak, Takeo Province classified as sandy soils.
Profiles were classified as Prey Khmer (White et al. 1997). Site 5 has no phase specified; site 52 has a coarse sandy phase
specified
Site
Depth Total N Olsen P KCl40 S DTPA Cu DTPA Zn DTPA Mn Hot CaCl2 B
(cm) g kg-1 mg kg-1 mg kg-1 mg kg-1 mg kg-1 mg kg-1 mg kg-1
5 0-6 <0.2 16.0 <1 0.14 0.19 3.46 0.2
6-20 <0.2 26.0 <1 0.14 0.16 3.31 0.2
20-60 <0.2 3.0 2.5 0.11 0.15 1.47 0.4
60-85 <0.2 2.0 <1 0.29 0.18 5.29 0.3
85-100 <0.2 3.0 <1 0.36 0.14 5.36 0.3
52 0-45 0.2 2.0 1.1 0.12 0.16 25.08 0.2
45-95 0.1 2.0 1 0.18 0.12 11.6 0.2
95-120 0.01 1.0 1 0.16 0.04 3.53 0.2
4047
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Symptoms of Mn toxicity have also been observed on
mung bean and peanut on acid Prey Khmer soils in
Takeo Province. Hence even where Al toxicity is not
a constraint, Mn toxicity may limit crop production on
acid sandy soils.
Water supply is a key limiting factor for most
areas of Cambodia because of the monsoonal rainfall
pattern and the erratic rainfall distribution during the
early wet (Figure 2) and main wet seasons. Most of the
crops grown in the early and main wet season receive
less than optimal rainfall in total (Bell et al. 2005).
Hence the water storage capacity of the soil would
have a large bearing on the regulation of water
availability to crops especially on sandy soils. Deep
sands are generally considered unsuitable or of low
productivity for paddy rice because water is not
retained in the shallow root zone of rice, and because
a plough pan does not readily form to retain water
(White et al. 1997). Deep sands (75-100 cm) will have
a higher potential for production of deep rooted field
crops than for rice. Subsoil Al may impede root growth
and act as a limit on access to stored subsoil water
(Table 4).
Discussion and further research needs
A major hindrance to the management of sandy
soils in Cambodia is the dearth of knowledge about the
distribution and properties of such soils in the uplands.
There is a need for a land resource assessment of
uplands of Cambodia. There will also need to be
parallel development of sustainable farming systems
for the sandy uplands.
The geographical proximity of Cambodia, Laos
and Northeast Thailand, and the prevalence of rainfed
lowland rice as the major crop in their agro-ecosystems
suggest that the cross-flow of research information
about sandy soils amongst these regions should be
helpful. Coordination and collaboration amongst these
countries could minimize duplication of research, and
maximize synergies in their collective research.
However, exchange needs to be based on a critical
examination of the similarities and differences amongst
them in agro-ecological classifications, in the
prevalence of rainfed rice ecosystems, and in the soils
used for rice and field crop production (Bell and Seng
2004).
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